4 research centre in neuropsychology and cognition (cernec), University of Montreal, canada word detection, sung sentences, language development, specific language impairment Background: Previous studies have reported that children score better in language tasks using sung rather than spoken stimuli. We examined word detection ease in sung and spoken sentences that were equated for phoneme duration and pitch variations in children aged 7 to 12 years with typical language development (tld) as well as in children with specific language impairment (sli), and hypothesized that the facilitation effect would vary with language abilities. Method: in experiment 1, 69 children with tld (7-10 years old) detected words in sentences that were spoken, sung on pitches extracted from speech, and sung on original scores. in experiment 2, we added a natural speech rate condition and tested 68 children with tld (7-12 years old). in experiment 3, 16 children with sli and 16 age-matched children with tld were tested in all four conditions. results: in both tld groups, older children scored better than the younger ones. the matched tld group scored higher than the sli group who scored at the level of the younger children with tld. none of the experiments showed a facilitation effect of sung over spoken stimuli. conclusions: Word detection abilities improved with age in both tld and sli groups. our findings are compatible with the hypothesis of delayed language abilities in children with sli, and are discussed in light of the role of durational prosodic cues in words detection. 
SLI, also known as developmental dysphasia (e.g., Benton, 1964) , is a heritable neurodevelopmental disorder-that is diagnosed when a child has difficulties learning to produce and/or understand speech for no apparent reason (Bishop, Hardiman, & Barry, 2012; Bishop & Norbury, 2008) . On comparing a group of 8-year-olds with SLI with two groups of children with typical language development (TLD), one composed of 6-year-olds and the other one composed of 8-year-olds, Montgomery (2002) found that children with SLI were slower to detect monosyllabic words in spoken sentences. In this test, children had to detect monosyllabic words presented in pictures followed by auditory stimuli in a set of 84 spoken sentences. They were instructed to press a button as quickly as possible when they heard the monosyllabic target word. No significant difference in the mean number of correct detections was found between the three groups, but in the TLD group, the older (8-year-old) children were faster than the younger children, and the younger (6-year-old) children were faster than the 8-year-old children with SLI. By contrast, this group effect was not found in a tone detection task involving speed and accuracy in detecting a 2000 Hz tone. Based on these findings, the authors drew three conclusions: a) the age effect in TLD is linked to the development of language skills, b) word detection in children improves from 6 to 8 years, and c) children with SLI encounter difficulties in detecting words in sentences.
In previous work, Montgomery, Scudder, and Moore (1990) tested the influence of linguistic context on word recognition in 8-year-olds with SLI and in a group of children with TLD matched for language level (M age = 6 years). The stimulus set consisted of pairs of spoken sentences. The first sentence provided the linguistic context while the second contained the monosyllabic target word, whose location in the sentence varied among the 3rd, 7th, and 10th syllable position. The children had to detect the target that was presented in the picture and auditory stimulus as quickly as possible. The results revealed a significant position effect for mean reaction times (RTs) in both groups, who detected targets in the 7th and 10th syllable position more quickly than those in the 3rd. The authors suggested that both groups of children were influenced by the meaning of the sentence when detecting the monosyllabic target word, because they were faster after having heard more words of the sentences. The effect of linguistic context on word detection was further investigated in older children. Montgomery (2000) tested word detection in 12 children with SLI (M age = 9 years) and two groups of children with TLD: one age-matched group and one group matched for receptive syntax level (M age = 7 years). The procedure was similar to the one used in previous studies. The results showed an age effect on word detection in the children with TLD, whereby the older TLD group (age-matched group, M age = 9 years) was faster than the younger TLD group (receptive syntax level-matched group, M age = 7 years). Moreover, the children in the younger TLD group, although matched for receptive syntax level, were faster in word detection than the children with SLI. The results also showed a significant position effect in all three groups, with shorter RTs found for monosyllabic word targets located in the middle of the sentence than at the beginning. This finding confirmed that the two age groups of children with TLD, and the group of children with SLI, used the meaning of the sentence to aid detection of the monosyllabic target words.
The above studies have shown that children with SLI may have impaired abilities in auditory detection for verbal units. As the present study also aims to investigate the ways in which the perceptual abilities in language and music could possibly interact, an important source of information comes from studies that have compared auditory processing of spoken and sung stimuli.
In adults, Schön et al. (2008) have reported an improved auditory memory for sung over spoken stimuli. In their study, participants studied six trisyllabic nonword stimuli that were either spoken or sung.
Results revealed that participants better recognized sung than spoken nonwords, which suggests that pitch variations facilitate word segmentation. In babies aged 6 to 8 months, Thiessen and Saffran (2009) used a head-turn preference procedure with 12 series of five heard digits that were either spoken or sung. Results in the recognition phase showed that the infants stared longer at lights when they were listening to a new rather than to an old sequence of numbers, and that this difference in duration was larger in the sung than in the spoken condition. The authors concluded that if infants are more sensitive to changes in the sung than in the spoken stimuli, singing would likely facilitate their verbal learning. Using the same head turn preference procedure, Lebedeva and Kuhl (2010) tested 11 month-old babies' detection of differences in syllable order within quadrisyllabic nonwords that were either sung or spoken. In both spoken and sung stimuli, in a proportion of trials, the order of the last three syllables was modified while keeping the melody intact in the sung condition. Results confirmed those of the previous study in that looking times were longer for novel versus familiar quadrisyllabic nonwords, and that the difference in looking time was greater when stimuli were presented in the sung compared to the spoken condition. The advantage for sung over spoken speech input appears very early in language acquisition and persists into adulthood (Schön et al., 2008) .
Much of the evidence above has shown that the detection of monosyllabic target words was faster when targets were located at the end than at the beginning of sentences. The authors of these studies have suggested that the children were influenced by linguistic context-that is, processing of the meaning of the sentence helped them to detect the monosyllabic target word. Another manipulation of context for sung stimuli involves modifying the harmonic structure of sung stimuli according to the standards of Western music. This is exactly what was done in a series of experiments conducted with French-speaking adults (Bigand, Tillmann, Poulin, D' Adamo, & Madurell, 2001 ) and French-speaking children (Schellenberg, Bigand, Poulin-Charronnat, Garnier, & Stevens, 2005) . In Schellenberg et al. 's study, children aged 6 to 11 years were presented with eight-chord sequences. The chords were composed of four notes, each played by a voice synthesizer and corresponding to one syllable. The chord sequences were composed of different syllables in French, and the target syllable, which was always in the last position of the chord-sequence, was either /di/ or /du/. The participants were required to decide whether the target was sung on a syllable containing the phoneme /i/ or /u/. The musical context was manipulated so that the target chord acted as either a tonic chord, or a subdominant chord. Schellenberg et al. hypothesized that if the participants were influenced by the musical context, their detection of the target vowel /i/ or /u/ should be faster in syllables corresponding to the tonic chord because, although both chords are congruent in that context, the tonic is more expected than the subdominant chord in Western music. Results confirmed this hypothesis by showing that phoneme detection was faster in tonic chords than in subdominant chords. These findings indicated that school-aged children showed implicit knowledge of syntactical rules characterizing the Western musical system, and that phoneme detection was influenced by harmonic context.
In Western music, sung syllables are longer than spoken syllables (Scotto di Carlo, 2007) . The pitch variations in songs generally correspond to a tonal melody, whereas pitch variations in speech do not.
Hence, sung syllables may be detected more quickly due to their longer duration (Kilgour, Jakobson, & Cuddy, 2000) because pitch variations follow a tonal melody, or a combination of these factors. In the present study, we manipulated these variables independently to assess their contribution to the development of monosyllabic word detection abilities in French-speaking children with TLD, and those with SLI. In Experiment 1, four groups of school-aged children detected words in three conditions: a) sentences spoken at a slow rate of speech (Slow speech condition), b) sentences sung on pitches extracted from the spoken sentences (Prosody condition), and c) sentences sung on pitches from the original score (Sung condition). In order to test the effect of pitch variations independently from syllable length, the durations of the phonemes were equalized across the three conditions.
In Experiment 2, we tested two groups of school-aged children in the same three conditions, and added a fourth testing condition in which sentences were naturally spoken (Normal speech condition)-that is, speech without any acoustic modification. Finally, in Experiment 3, we tested children with SLI and their matched controls in the four conditions.
To summarize, the ability to segment speech into syllables emerges early in infancy, particularly in the French language (Mehler, Dommergues, Frauenfelder, & Segui, 1981) . Monosyllabic word detection ability improves between the ages of 6 to 10 years in children with TLD and is facilitated when it occurs later rather than earlier in a sentence. Speech processing also appears to be facilitated in both babies and adults when syllables are sung rather than spoken. Moreover, the phoneme detection in sung syllables is faster when the target corresponds to the harmonic expectations than when it does not. Together, these findings indicate that speech perception is influenced by the verbal context, as well as by musical context when stimuli are sung. To our knowledge, no studies have investigated the detection of monosyllabic words in sung versus spoken sentences in school-aged children with TLD or with SLI, who experience difficulties detecting words in sentences. In three experiments, we were able to assess the effects of spoken versus sung speech on word detection, as well as the impact of linguistic context, which was assessed by varying the position of the target words in the sentences. These three experiments allowed us to investigate the strength of this effect as a function of the child's level of language development. Examining the impact of verbal and musical context on language processing by children with SLI is potentially important, not only because it can reveal further insights into their language development profile, but also because it can assess the potential for music to be used as a tool for speech therapy treatment.
EXPErIMEnt 1: EFFEct oF PItcH VArIAtIonS on Word dEtEctIon
This experiment aimed to assess the effect of pitch variations on RTs in a word detection task in children aged 7 to 10 years. Three types of sentences were created: 1) sentences from nursery rhymes sung to the tune of the original melodies (Sung condition), 2) sentences sung using the pitch variations extracted from a normal speech rate (Prosody condition), and 3) sentences spoken using the duration of the syllables in the Sung condition (Slow speech condition).
According to the literature, abilities in word detection improve with language development, and, thus, word detection should get quicker as children get older. Children should also be quicker when the words are sung (Sung and Prosody conditions) than when they are spoken (Slow Speech condition). Following Montgomery (2000 Montgomery ( , 2002 Montgomery et al., 1990) , if linguistic context facilitates word detection, children should be quicker to detect word targets when they are located at the end rather than at the beginning of sentences. Following Bigand et al. (2001) and Schellenberg et al. (2005) , if the children are influenced by the harmonic context, they should detect words faster when the melodic context is expected (Sung condition) rather than unexpected (Prosody condition). Moreover, if the linguistic context and the melodic context have additive effects, the difference in RTs for targets located at the beginning versus at the end of sentences should be larger in the Sung than in the Prosody conditions.
Method

ParticiPants
Sixty-nine children (39 girls and 30 boys) aged 7 to 10 years were recruited in three different schools in Reims and in Lille (France) to participate in this study. They were subdivided into four age groups: 7 years (n = 15, M age = 7.5 years), 8 years (n = 19, M age = 8.4 years), 9 years (n = 21, M age = 9.5 years), and 10 years (n = 14, M age = 10.7 years). All participants were native French-speaking children attending regular school, and none of them had a documented history of language problems or neurological disorders according to a questionnaire completed by their parents.
stimuli
Sentences. Twenty-four sentences containing 12 to 20 syllables were extracted from a repertoire of songs for children (Appendix A). Very popular songs (e.g., Frère Jacques [Brother John]), songs containing lyrics with word repetition, slang words, incorrect syntax, or dialectal words were excluded. The 24 selected sentences were each produced by a professional singer in the three conditions, resulting in a total of 72 sentences. In all three conditions, the singer was instructed to pronounce one syllable per pulsation.
In the Sung condition, each sentence was sung using the original score. In the Slow speech condition, each sentence was produced slowly, respecting the number of syllables produced in the Sung condition (one syllable per note and per pulsation). In the Prosody condition, we first identified the pitch of each syllable in the Slow speech condition using the Melodyne software (Neubaecker, Gehle, Kreutzkamp, & Granzow, 2008) and adjusted each pitch to the closest note value to create a new score. The professional singer was then instructed to sing the sentence using that score. The Prosody condition was thus composed of syllables sung on musical sequences that do not respect the rules of harmony in Western music (see the example in Appendix B).
As mentioned earlier, because we were interested in testing the independent effect of pitch variations we edited the acoustic signal to equalize the duration of syllables across the three conditions. In order to do that, we first measured the duration of each phoneme of the 24 sentences in the Sung Condition. Using Praat Software (Boersma & Weenink, 2009) experiments 1, 2, and 3. left: example of a sentence's transformation from the slow speech condition to the Prosody condition. the extracted pitch contours were determined by finding the closest musical pitch to the mean pitch for each syllable in the slow speech condition. right: example of the three conditions with the sentence "Je vois madame que vous avez un beau bébé", whereby syllable durations are equal across conditions (illustrated by vertical lines). solid lines represent the F0.
Procedure
Each participant wearing headphones (Sennheiser HD 265) was seated in a quiet room in front of a computer (Dell-Latitude 531).
To engage children, the word detection task was presented as a video game. Each child was instructed that s/he had to help an animated character understand what its new friend was telling it. The target words were spoken (not sung) by a male speaker, different from the speaker who recorded the sentence stimuli. One thousand five hundred milliseconds after hearing the word, a sentence was presented.
The child was instructed to press the space bar as quickly as possible on hearing the target word. The sentence was stopped as soon as the child pressed the space bar. If the child did not respond, the whole sentence was presented. The next trial started immediately thereafter. RTs were recorded using E-Prime 2 (Psychology Software Tools).
Twenty-four sentences were separated into three sets of 8 sentences. Each child was tested on 48 trials, which were divided into three blocks of 16 sentences. Each child heard one sentence in two of the three conditions in order to limit fatigue and learning effects (see Appendix C and D for the composition of the blocks). Sentences and conditions within a block were presented in a random order. The 16 blocks were separated by a pause of a variable duration (1 to 3 min) determined individually by the participant, resulting in a total testing duration of around 15 min.
Results
data analysis
In order to determine whether a response was valid or not, we had to verify that the child did not press the space bar before the target word occurred in the sentence. Responses were categorized as valid if, and only if, the RT measured at the beginning of the target was not shorter than 150 ms, and not longer than 1,500 ms. The lower limit of 150 ms was used because it corresponds to the shortest RT recorded in a detection task for simple auditory stimuli (Montgomery & Leonard, 1998) . The upper limit, 1,500 ms, was chosen because, keeping in mind that no targets corresponded to the sentence final syllable, it corresponds to the smallest duration between the end of the target and the end of the sentence. Using these criteria, the mean rate of valid responses as a function of the total number of target words was 77% across all the participants. Among the 615 invalid responses, 320 (52%) corresponded to responses given before the target was heard, whereas 188 (31%) corresponded to RTs longer than 1,500 ms. The remaining 107 (17%) invalid responses corresponded to responses with an RT between 0 and 150 ms.
The analysis of RTs was run only on those participants and sentences for which the valid response rate was higher than 70%. The application of this criterion led to the exclusion of all the data from 17 participants and all the data from five sentences. Mean RT and standard deviations were then calculated on kept data. RTs deviating from the mean by two or more standard deviations were removed from the data set. A logarithmic transformation (ln) was applied to the RTs to normalize the data. An analysis of variance (ANOVA) with repeated measures was run using the logarithm of RT values as the dependent variable.
The ANOVA had two between-subjects factors: Age, with four levels (7 years, 8 years, 9 years, 10 years), and Target Position, with two levels (Beginning, End), and one within-subject factor Condition, with three levels (Slow speech, Sung, Prosody). The results, illustrated in Figure 2 , revealed a main effect of Age, F(3, 48) = 11.84, p < .001. Post-hoc comparisons with Holm-Bonferroni corrections showed that the 8-year olds (M log(RT) = 6.24) responded significantly faster than the 7-year olds (M log(RT) = 6.39), and the 9-year olds (M log(RT) = 6.11) responded significantly faster than the 8-year olds, but that the 10-year olds (M log(RT) = 6.11) did not respond faster than the 9-year olds. The ANOVA also revealed a significant effect of Condition, F(2, 96) = 3.89, p < .03, with shorter RTs in the Slow speech condition (M log(RT) = 6.14) than in both the Prosody (M log(RT) = 6.20) and the Sung condition (M log(RT) = 6.20).
Post-hoc comparisons revealed that the Slow speech condition differed significantly from both the Prosody and Sung conditions. The ANOVA revealed no significant interactions between Age and Condition factors, F(6, 96) = 0.54, ns. A significant effect of Position was found, F(1, 48) = 31.02, p < .001, with shorter RTs when the target was located at the end (M log(RT) = 6.13) than when it was located at the beginning (M log(RT) = 6.23), and this was irrespective of the Condition. The Position by sentence stimuli characteristics for experiments 1, 2, and 3. Mean duration and Mean F0 of the sentences, target Words, and non-target Words in the three conditions ency across conditions could not account for the better performance in the Slow speech condition, since differences in semi-tones between the target word and the preceding syllable were strictly identical in the Prosody condition, and these differences were not significantly different from those in the Sung condition. A possible interpretation for the different RTs found in the Slow speech condition is that, in each trial, children were instructed to first listen to a spoken syllable before they had to detect it in a sentence. The words they heard before they had to detect them were thus acoustically more similar than in the other two conditions because the target words were spoken rather than sung.
Alternatively, although they were not instructed to do so, it is possible that some children repeated silently or memorized an abstract representation of the word they had to detect. In the latter case, the representation of the monosyllabic word in their inner speech was likely more similar in terms of acoustic features to the word they have to detect in the Slow speech condition than in the other two conditions. Finally, level of exposure could account for the results found in the Slow speech condition. Indeed, children are intensively exposed to speech from birth, most likely less exposed to songs, and even less to the type of speech in the Prosody condition. 
Discussion
The first result of this experiment was that word detection in sung or slowly spoken sentences was difficult for 7-to 10-year olds. The percentage of valid responses was much lower than expected, leading us to exclude a large part of the responses (49.5%). The percentage of correct responses in the present experiment was also lower than in comparable studies by Montgomery (2000; Montgomery et al., 1990; Montgomery & Leonard, 1998) in English-speaking children, wherein the authors reported mean correct response rates between 88% and 98%. A number of factors may have contributed to the greater level of difficulty of the word detection task in the present study. Firstly, whereas we used a mix of sung and spoken sentences, Montgomery used spoken sentences only. Secondly, the children determined the duration of the pause between conditions and some of them may have overestimated their detection abilities, so that they could have benefited from a longer pause.
Notwithstanding the high rate of invalid responses, the task seemed easier for older children, since RTs showed a gradual decrease between 7 and 9 years. These findings are in agreement with those reported in similar experiments conducted with English-speaking children (Montgomery, 2000 (Montgomery, , 2002 Montgomery et al., 1990; Montgomery & Leonard, 1998) and confirm that word detection in school-aged children improves with age. Contrary to our expectations, all age groups detected the word targets faster in the Slow speech condition than in both the Prosody and the Sung conditions. A difference in pitch sali-
Figure 2.
Mean logarithmic reaction time [log(rt)] in sung (black bars), Prosody (grey bars) and slow speech (white bars) conditions for children aged 7, 8, 9, and 10 years for a. targets located at the beginning position and, b. targets located at the end position of experiment 1. error bars represent standard errors of mean.
The linguistic context effect was confirmed in that shorter RTs were found in the End than in the Beginning position, irrespective of the condition. This finding is congruent with that of previous work (Montgomery, 2000; Montgomery et al., 1990) and suggests that the linguistic processing of the sentences helped the participants in the detection of target words. However, this position effect could also be the result of the characteristics of our experimental setting. Namely, children were instructed that a target word would be present in each trial, and may, thus, have progressively increased their attention, which would be maximal at the end of the sentence. This greater attention at the end of sentences may have resulted in shorter RTs for target words in the End sentence positions than in the Beginning sentence positions.
To summarize, the analysis of RTs on valid responses indicated that older (9-and 10-years old) children detected target words faster than the younger children (7-and 8-years olds). It also showed that word detection was faster in the spoken condition (i.e., Slow speech condition) than in the sung conditions (i.e., the Sung and Prosody conditions), irrespective of the age of the children. We can speculate that the Slow speech condition was easier because all children have been more exposed to spoken than to sung speech. However, because the duration of the phonemes and syllables was equalized across the three conditions, although less artificial than in the other two conditions, the speech in the Slow speech condition remained unnatural, preventing us from drawing firm conclusions about exposure. A second problem with the paradigm in Experiment 1 was that the criterion for the validity of the responses was based on speed, not on accuracy. Word detections were considered accurate as long as the children's responses fell within the time window in which the target words occurred. However, this constraint can raise problems in testing children with learning disabilities. Experiment 2 aimed to correct these two flaws.
EXPErIMEnt 2: AccurAcY In Word dEtEctIon
The second experiment had five main objectives: 1) to assess accuracy in word detection rather than speed as in Experiment 1; 2) to compare accuracy in word detection in Sung, Prosody, and Slow speech conditions, as well as in a Natural speech condition-that is, a condition with a faster speech rate; 3) to replicate the linguistic context effect; 4) to reveal a melodic context effect by increasing the number of valid responses; 5) to validate the use of the paradigm to assess word detection in children with SLI aged between 7 and 12 years.
From the results of Experiment 1, we hypothesized that performance would increase with age. With respect to the difference between the Slow speech and Natural speech conditions, two hypotheses can be posited: 1) If word detection relies on intelligibility, which is better in slow speech than in natural speech (e.g., Racette, Bard, & Peretz, 2006) , children should perform worse in the Natural speech condition in which syllables have a shorter duration, than in the three other conditions; 2) if the results found in the Slow speech condition are due to language exposure, the best performance should be found in the Natural speech condition. As in Experiment 1, we predicted a better performance for word targets located in the End position due to the linguistic context effect. Moreover, the modifications brought to the experimental paradigm might contribute to also reveal a melodic context effect, namely, a better accuracy in the Sung than in the Prosody condition.
Method
ParticiPants
Sixty-eight children (35 girls and 33 boys) aged 7 to 12 years (M age = 9.3 years, SD = 1.6 years) participated in this study. For further comparison of results in Experiment 3, the children were subdivided into two groups: the Young group (n = 37) comprising children aged 7 to 9 years (M age = 8.1 years, 19 girls and 18 boys), and the Old group (n = 31) comprising children aged 10 to 12 years (M age = 10.6 years, 16 girls and 15 boys). They were recruited in four different schools in Reims and in Lille (France). The selection criteria were the same as in Experiment 1.
stimuli
The stimuli set was identical to the one used in Experiment 1.
Twenty-four sentences extracted from children's songs were used in the same three conditions: Slow speech, Sung, and Prosody, to which we added a fourth condition, the Natural speech condition. In this Natural speech condition, sentences were uttered by the professional singer using his natural way of speaking. Sentences in this fourth condition were not acoustically modified and, thus, included the prosodic variations found in normal speech (Appendix F). The durations of the sentences in the Natural speech condition ranged from 3,910 ms to 9,976 ms, with a mean duration of 5,681 ms (SD = 1,215 ms), which was significantly shorter than the sentences in the three other conditions, t(46) = 5.6, p < .001. The syllable duration variability (mean standard deviation of syllables) in the Natural speech condition was also significantly greater than in the other three conditions (117 ms and 90 ms, respectively), t(46) = 4.2, p < .001. Target and foil syllables were identical to those used in Experiment 1.
Procedure
The procedure was identical to Experiment 1 except that in each trial, the child first heard a word that could either be present or absent in the sentence. The stimulus sentence was presented 1,500 ms after hearing the target word, and a picture of a red and a green smiley face appeared on the screen 500 ms after the end of the sentence. The child was instructed to wait until the sentence and smiley had ended before indicating whether the word had been heard by pressing the corresponding key (green for "yes" and red for "no"). The next trial did not begin until the participant responded. Responses were recorded with E-prime 2 software (Psychology Software Tools). Each testing session began with three practice trials.
In order to shorten the duration of the task and to avoid learning effects, each child was tested in the four conditions but in two sessions separated by one week. Words that were present in sentences in one condition were not present in the other one. Sentences were divided into three blocks each followed by a few minutes pause, the duration of which was determined by the participant. The approximate duration of testing was 15 min per session.
Results
In order to allow the comparison with results of Experiment 1, and to keep only the children who performed above chance level, we calculated individual percentages of correct responses (CR). Across the four conditions, the mean percentage of CRs was 88% (SD = 9.6%).
Five of the children had a percentage of CRs lower than 70%. After excluding them, the mean percentage of CRs was 90% (SD = 6.4). In the subsequent analyses of variance, the percentage of Hits minus False Alarms (FAs), an unbiased accuracy score, was used as the dependent variable.
An ANOVA with one between-subjects factor, Age, with two levels (7-9 years, 10-12 years), and two within-subject factors, Condition, with four levels (Slow speech, Sung, Prosody, Natural speech), and Target Position, with two levels (Beginning, End) was run on the per- 
Discussion
The percentage of CRs in this second experiment was higher (90%) than that obtained in the first experiment (49.5%) and comparable to that reported in previous studies by Montgomery and collaborators (Montgomery, 2000; Montgomery et al., 1990; Montgomery & Leonard, 1998) who reported mean percentages of CRs ranging from 88% to 98%.
As predicted, the percentage of Hits minus FAs increased with age, which confirmed a progressive improvement in word detection accuracy. The abilities in word detection, thus, appeared to improve until pre-adolescence. Contrary to our predictions and to results from Experiment 1, no effect of condition was found. Accuracy in word detection was, thus, not influenced by the duration of the syllables since accuracy in the Natural speech condition did not differ from that in the three other conditions, all of which included syllables with longer durations.
Contrary to both the findings in Experiment 1, and the predictions based on the linguistic context effect, we found a position effect in the opposite direction: Children were more accurate for word targets in the Beginning than in the End positions. This apparent discrepancy may stem from procedural differences between the two tasks. In Experiment 1, the children were requested to press a button as quickly as possible when they detected the word. In Experiment 2, the children had to decide whether or not the target word was present in the sentence by pressing the Yes or the No button, without any time constraint. Both requirements and expectations, thus, differed in the two tasks with respect to the position of the target within the sentence. In Experiment 1, expectations were certainly higher at the end than at the beginning of the sentence because children were told that each sentence contained a target, and that their task was to detect it as quickly as possible. Thus, it is possible that a higher level of expectation led to shorter RTs. In Experiment 2, the detection of target words located at the end of sentences may have required more sustained attention to keep the target in Percentages of hits − False alarms (FA) in sung (black bars), Prosody (dark grey bars), slow speech (white bars), and normal speech (light grey bars) conditions for children in "7-9 years" and "10-12 years" subgroups of experiment 2. error bars represent standard errors of the mean. Percentages of hits -False alarms (FA) for targets that occurred at the beginning (black bars) and end (white bars) positions for children in the "7-9 years" and "10-12 years" subgroups of experiment 2. error bars represent standard errors of the mean.
short-term memory compared to the detection of targets located at the beginning of sentences. Thus, the task may have been less demanding when the target was located at the beginning rather than at the end of sentences.
To summarize, analysis of word detection accuracy indicated that older children aged 10 to 12 years detected more words than younger children aged 7 to 9 years, whether the sentences were spoken (slow speech or natural speech) or sung (in the original melodic score or in a nonmelodic score extracted from speech prosody). Both young and older children detected words better at the beginning than at the end of sentences.
An important objective of Experiment 2 was to modify the paradigm so as to increase the percentage of valid responses. We have achieved this goal in that the overall percentage of CRs was significantly higher in Experiment 2 (90%) than in Experiment 1 (49.5%).
The findings in Experiment 2 showed that children from 7 to 12 years were able to perform the task, and that the modified paradigm is suitable for testing in children with language deficits. Montgomery (2000 Montgomery ( , 2002 Montgomery & Leonard, 1998) reported that children with SLI showed impairments in the detection of words in sentence stimuli spoken at a normal rate of speech. The objective of Experiment 3 was to investigate whether children with SLI would detect words with a longer duration better than words spoken at a normal rate of speech. Additionally, we wished to investigate whether there was an impact of melodic context on word detection. A significant age effect was found in both Experiments 1 and 2, revealing that older children detected words more quickly and accurately than younger children. Abilities in word detection, thus, appear to improve with language development. Assuming that the development of language abilities in children with SLI is delayed (Hoff-Ginsberg, 2005; Saint-Pierre, 2006; Saint-Pierre & Béland, 2010) , we also predicted an age effect within this population. More specifically, older children with SLI (10 to 12 years) should perform inferior to age-matched children with TLD but not different to younger children (7 to 9 years) with TLD.
EXPErIMEnt 3: Word dEtEctIon In cHILdrEn WItH SLI
In addition, the performance of young children with SLI (7 to 9 years) should be inferior to that of age matched children with TLD. Results of Experiment 2 showed no effect of condition on word detection accuracy for children with TLD. As we were using the same paradigm, no condition effect was predicted for children with TLD in Experiment 3.
As for the population of children with SLI, previous studies have used normal speech rate only, precluding specific hypotheses on the effect of condition. We could nonetheless predict that words with longer syllable durations (sung or slow speech) would be more easily detected than words spoken at a normal rate of speech. Finally, we predicted to also find a position effect in both children with TLD and children with SLI, with better accuracy on targets located at the beginning than at the end of sentences.
Method
ParticiPants
We recruited 16 children (10 boys and 6 girls, M age = 10.1 years) with Specific Language Impairment (SLI group) in schools with special programs for children with language disorders in Reims and Charleville Mézières (France). As in Experiment 2, the 16 children were divided into two groups: the Young group, composed of the 9 children aged 7 to 9 years (M age = 8.9 years, 4 girls and 5 boys), and the Old group, composed of the 7 children aged 10 to 12 years (M age = 11.6, 2 girls and 5 boys). All children had been enrolled in speech therapy training for 2 to 10 years (M year = 5.8). They suffered from deficits affecting either expressive or receptive language, or both, with different levels of severity (see Table 2 ). The details of the tests are presented in Appendix E.
Sixteen healthy children with TLD, aged 7 to 12 years (6 girls and 10 boys, M age = 10.1 years), were paired, as much as was possible, to children with SLI for age, sex, and scores in non-verbal intelligence tests (see description of the tests in Appendix E). Similarly to the SLI group, the TLD group was divided into two groups: the Young group composed of the 8 children aged 7 to 9 years (M age = 8.9 years, 4 girls and 4 boys), and the Old group, composed of the 8 children aged 10 to 12 years (M age = 11.6; 2 girls and 6 boys). None of the children in the TLD group had a history of language disorder, as reported by their parents.
As reported in Table 2 , non-verbal intelligence expressed in percentile was within the average range (> 9th percentile) for participants in both groups. The SLI and TLD groups did not differ either in age, t(30) = 0.01, ns, or non-verbal intelligence, t(30) = 0.4, ns. No children in either group had received musical training, and had no reported auditory, physiological, or neurological problems. All participants received a short hearing screen using an audiometer. Sounds were presented to the left and the right ear at a range of frequencies (125, 250, 500, 1000, 2,000, 4,000 Hz), and all participants were sensitive to sounds within the 20 dB HL range.
stimuli and Procedure
For the word detection task, the stimuli and procedure were similar to Experiment 2.
Results
A repeated measures ANOVA was run using the percentage of Hits minus that of FAs as the dependent variable. The ANOVA had two between-subjects factors, Group with two levels (SLI group, TLD group), and Age with two levels (7-9 years, 10-12 years), and two within-subject factors, Conditions with four levels (Slow Speech, Natural speech, Sung, Prosody), and Target Position with two levels (Beginning, End).
The results revealed a Group by Age interaction, F(1, 28) = 6.1, p < .02 ( Figure 5 ). Post-hoc comparisons with Holm-Bonferroni corrections showed that older children in the SLI group obtained higher 
Discussion
As predicted, children in the SLI group scored lower than children with TLD, which confirms findings of previous studies in Englishspeaking children (Montgomery, 2000 (Montgomery, , 2002 Montgomery & Leonard, 1998) . The ANOVA also revealed higher scores with increasing age, but only in children with SLI. As predicted, the scores of older tAble 2. experiment 3. language data for children in sli group Note. Scores below 2 SD (< −2) or between 1 and 2 SD (−1/ −2) from the normal control scores, scores 24 months (<−24 months), or between 18 and 24 months (−18/ −24 months) below the expected level, normal scores (−) and unavailable scores (US). * Values representing scores compared to the children norms for 8.5-years-old (norms being unavailable for older children). .03 57 -18/-24 -1/-2 < -2 -1/-2 < -2 < -2* < -2* < -2* < -2* C F 8.65 25 4 7 M 9.87 39 < -24 -< -2 -< -2 < -2* < -2* < -2* < -2* D M 9.25 10 5 7 M 9.18 25 -18/-24 < -2 < -2 -1/-2 < -2 < -2* < -2* < -2* < -2* E M 9.56 50 6 4 F 8.42 68 < -24 -< -2 -1/-2 < -2 < -2 < -2 < -2 < -2 F F 8.66 25 7 5 F 8.93 16 --1/-2 < -2 -1/-2 < -2 < -2* < -2* < -2* < -2* G F 9.11 25 8 2 M 7.35 53 < -24 < -2 < -2 < -2 < -2 < -2 < -2 < -2 < -2 H M 7.66 50 9 6 F 8.85 25 < -24 < -2 < -2 < -2 -1/-2 < -2* < -2* < -2* < -2* I F 8. To summarize, the two subgroups of children with SLI showed impairments in word detection compared to children with TLD, although groups were matched for sex, chronological age, and non-verbal IQ scores. There was no effect of condition, however. Even the group of young children with SLI, who obtained the lowest scores, did not benefit from words with a longer duration (Slow speech condition) or words that were sung (Sung and Prosody conditions) compared with words spoken at a natural rate of speech (Natural speech condition).
SLI
Results of both Experiments 2 and 3 revealed that word detection abilities seem to show a progressive development and are not yet at ceiling levels at 12 years of age. Findings from Experiment 3 indicate that the development of these abilities in children with SLI is delayed, and these abilities continue to develop with an even steeper slope.
GEnErAL dIScuSSIon
This study aimed to assess the development of word detection abilities in children aged 7 to 12 years with TLD and SLI. Based on the facilitation effect documented in the literature, we hypothesized that word detection would be easier in sung than in spoken sentences. In order to single out one acoustic difference between spoken and sung sentences, we created conditions in which the sung and the spoken sentences were equated for syllable durations and pitch variations. The sole difference between the two sentence types (Sung and Slow speech conditions) was that pitch variations in the sung sentences followed the harmony rules of Western music, whereas those in the spoken sentences did not.
We failed to find any advantage of sung over spoken sentences, either in the group of children with TLD, or the group of children with SLI. Moreover, no facilitation effect was found when we compared the conditions located at the two extremities of the continuum from spoken to sung sentences-that is, sentences spoken at a natural rate of speech (characterized by short syllable durations and large pitch variations) to sung sentences (characterized by long syllable durations and small pitch variations). These findings contrast with the documented advantage of sung over spoken speech in verbal learning in children (Lebedeva & Kuhl, 2010; Thiessen & Saffran, 2009 ) and in adults (Schön et al., 2008) . Given that the present study and Schön et al. 's study were carried out in French, we cannot attribute the discrepancy between the results to differences between syllable-timed language (i.e., French) and stress-timed language (i.e., English). This null effect cannot be attributed to a ceiling or a floor effect either because the performance improved with age in all three groups of children with TLD, as well as in the group of children with SLI. Both the TLD and SLI groups also consistently showed a word position effect. We interpreted this effect to be a strong indication that both groups understood the task and performed it in a similar way. Age was also found to have a consistent effect in both the TLD group and SLI groups, which indicates that word Percentages of hits − False alarms (FA) in specific language impairment (sli) and typical language development (tld) groups for children in the "7-9 years" (black bars) and "10-12 years" (white bars) subgroups of experiment 3. error bars represent standard errors of the mean. Percentages of hits − False alarms (FA) for children in specific language impairment (sli) and typical language development (tld) groups for targets that occurred at the beginning (black bars) and end (white bars) positions of experiment 3. error bars represent standard errors of the mean. Another interesting consideration concerns the influence of rhythm. Our primary focus was to determine the effect of pitch and melody on word detection, and, as such, we specifically isolated and manipulated this pitch dimension. While this method is certainly not without merit and it is important to understand the relative contributions of different musical dimensions, our results may be explained by the fact that syllables were produced in an isochronous manner across Sung, Prosody, and Slow speech conditions. In this case, it seems likely that syllables in the same sentence (over these three conditions) had more similar syllable durations, and may, thus, have contributed to the results. The fact that syllable duration was indeed significantly more variable in the Natural speech condition compared to the other three conditions supports the idea that variability of syllable durations may contribute to speech processing. Rhythm influences pitch processing in both adults (Jones, Moynihan, MacKenzie, & Puente, 2002 ) and infants (Hannon & Johnson, 2005) , and may contribute to the hierarchical understanding of musical pitch (Järvinen & Toiviainen, 2000; Palmer & Pfordresher, 2003) . Thus, it may be the case that melodic context alone in the Sung and Prosody conditions was not sufficient to impact on word detection, and temporal cues may have strengthened pitch cues. Also concerning this issue, while one might intuitively presume that syllabic isochrony may facilitate speech comprehension (as has been shown for production in speech disfluent populations, Packman, Onslow, & Menzies, 2000; Thaut, 2005) , it may be the case that syllable isochrony masks important durational cues required for efficient word detection. Metrical structures in speech-the alternation of prominences, afforded in part by syllabic durational differencesprovide important cues for speech segmentation and contribute to speech processing in infants (Johnson & Jusczyk, 2001; Morgan & Saffran, 1995) and adults (Pitt & Samuel, 1990; Roncaglia-Denissen, Schmidt-Kassow, & Kotz, 2013; Rothermich, Schmidt-Kassow, & Kotz, 2012) . The beneficial effect of musical metrical cues on sentence perception has also been shown in native French-speaking children with SLI, dyslexia (Przybylski et al., 2013) , and hearing impairment (Cason, Hidalgo, Isoard, Roman, & Schön, 2015) . We can, therefore,
propose that the presence of durational segmentation cues in the Sung and Prosody conditions might have resulted in greater word detection abilities.
We conclude that children with SLI were impaired in comparison to children with TLD. In particular, we note that their word detection skills were significantly correlated with their performance on tests of metaphonological awareness. Overall, we found no effect of the isolated musical dimension-pitch variations-on language processing, but future studies may investigate the effect of other musical dimensions.
Further, if music and language do share common neural substrates and common auditory working memory (Christiner & Reiterer, 2013) , one would expect that musical abilities, at least those abilities that are required to process sung sentences, would be impaired in children with SLI. Namely, the absence of a benefit of pitch in word processing may be due to an impaired musical processing in children with SLI.
This also raises questions about the pitch processing abilities of these children, although these results could also reflect the sensitivity of our paradigm. Further investigations by our team, thus, aim to document the development of musical abilities in children with SLI.
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